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Background: Different QRS morphologies are often observed in idiopathic ventricular tachycardias or
premature ventricular contractions originating from the right ventricular outﬂow tract (RVOT). However, the
precise mechanism underlying multiple QRS morphologies has not been clariﬁed adequately. The purpose of
this study was to examine the mechanism underlying different QRSmorphologies in RVOTarrhythmia. We also
investigated the usefulness of non-contact mapping guided radiofrequency catheter ablation for RVOT
arrhythmia.
Methods: Endocardial mapping of RVOT was performed using a non-contact mapping system in 20 patients
with RVOT arrhythmia. We analyzed the underlying mechanism that produces different QRS morphologies
during catheter ablation of RVOT arrhythmia.
Results: Forty-six QRS morphologies of RVOT arrhythmia were observed in 20 patients. Five patients showed
monofocal QRSmorphology, whereas the remaining 15 patients showedmultiple QRS morphologies (from 2 to
4 morphologies each). Among these, all patients presented a shift in the origin of tachycardia. Additionally,
different QRS morphologies were observed in 5 of these patients that were caused by a change in the local
activation after radiofrequency energy delivery. Radiofrequency energy application to the site of origin of the
RVOT arrhythmia using non-contact mapping navigation eliminated the RVOT arrhythmias in all patients.
However, 1 patient presented a recurrence of RVOT arrhythmia (success rate, 95.0%).
Conclusions: The multiple QRS morphologies of RVOT arrhythmia were caused by a shift in the origin of
tachycardia or by a change in the local activation following the radiofrequency energy application. Non-contact
mapping was useful to identify the appropriate target site of RVOT arrhythmia irrespective of the changes in
QRS morphologies.
& 2014 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.
1. Introduction
Idiopathic ventricular tachyarrhythmia originating from the
right ventricular outﬂow tract (RVOT) is one of the most frequent
ventricular arrhythmias observed in clinical practice [1]. Although
RVOT arrhythmias rarely cause sudden cardiac death [2–4], fre-
quent RVOT arrhythmias can reduce left ventricular contraction in
some patients [5,6]. Therefore, radiofrequency catheter ablation
(RFCA) of RVOT arrhythmia is important, especially for sympto-
matic patients or those with reduced left ventricular contraction.
Moreover, high success rates have been achieved with RFCA, and it
is associated with a low risk of complications [7,8].
On the other hand, various QRS morphologies have often been
observed in patients with RVOT arrhythmia at the time of RFCA. It
has been suggested that a shift in the site of origin of RVOT
arrhythmia results in different QRS morphologies [9–11]; however,
the precise mechanism underlying multiple QRS morphologies has
not yet been clariﬁed.
The purpose of this study was to investigate the mechanism
underlying multiple QRS morphologies of RVOT arrhythmias using
a non-contact mapping system. In addition, we also investigated
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1880-4276/& 2014 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.
Abbreviations: PVC, premature ventricular contraction; RFCA, radiofrequency
catheter ablation; RVOT, right ventricular outﬂow tract
n Corresponding author. Tel.: þ81 96 373 5175; fax: þ81 96 362 3256.
E-mail address: yyamabe@kumamoto-u.ac.jp (H. Yamabe).
Journal of Arrhythmia 30 (2014) 305–311
study. The study protocol was approved by the Human Research
Committee of Kumamoto University Hospital, and written
informed consent was obtained from each patient.
2.2. Electrophysiological procedure and image acquisition
All antiarrhythmic drugs were discontinued for at least ﬁve
half-lives before the catheter ablation procedure. None of the
patients were treated with amiodarone. A 6-Fr quadripolar elec-
trode catheter (St. Jude Medical, St. Paul, MN, USA) was inserted
percutaneously and was positioned in the right ventricular apex.
Subsequently, a 9-Fr multielectrode array catheter (EnSite 3000;
St. Jude Medical, St. Paul, MN, USA) was introduced into the RVOT
via the 10-Fr sheath, deployed on a 0.032-in. guide wire with its
distal tip ﬁxed in the pulmonary artery. Bipolar electrograms were
ﬁltered between 50 and 600 Hz and recorded along with the
surface electrocardiogram using a polygraph (EP-workmate; EP
Med. Systems, Inc., Mt Arlington, NJ, USA).
2.3. Non-contact mapping system
Endocardial mapping of the RVOT was performed using a non-
contact mapping system. The detail of the non-contact mapping
system has been described previously [11,12]. In brief, the system
utilizes a non-contact mapping catheter that contains 64 ﬁlaments
with a 0.025-in. insulation break at speciﬁed sites to form a
multielectrode array. Additionally, it allows high-resolution simul-
taneous activation maps of the entire cardiac chamber from just
one beat of ventricular tachycardia or PVC.
2.4. Study protocol
Electrophysiological studies and subsequent RFCA were per-
formed under fasting conditions. If RVOT arrhythmia did not occur
spontaneously, continuous infusion of isoproterenol (1–3 mg/min)
was administered. Endocardial mapping of the RVOT was per-
formed. Subsequently, the origin and activation sequence of all of
the QRS morphologies of RVOT arrhythmias that appeared during
the procedures were analyzed. Radiofrequency energy was deliv-
ered to the earliest ventricular activation site showing RVOT
arrhythmia. If an RVOT arrhythmia site was different from the
one that was initially targeted after radiofrequency energy appli-
cation, endocardial mapping of the RVOT was performed again. A
change in QRS morphology was deﬁned as any change in the
amplitude, width, or vector of the QRS complex. RFCA guided by
non-contact mapping was performed targeting the earliest ven-
tricular activation site of RVOT arrhythmia. A 7-Fr, 8-mm tip,
conventional ablation catheter (Fantasista: Japan Lifeline, Tokyo,
Japan) or a 7-Fr large-tip (3.5 mm in length) irrigated ablation
catheter (Cool Path Duo; St. Jude Medical, St. Paul, MN, USA) were
used for ablation. Non-irrigated radiofrequency energy application
was delivered up to 45 W for up to 180 s. Irrigated radiofrequency
energy application was delivered up to 45 W for up to 120 s, with
an irrigation ﬂow rate of 13–16 mL/min. When the catheter
manipulation was prevented because of the multielectrode array
catheter, we deﬂated the multielectrode array from full volume to
a size that ﬁt into the RVOT to allow maneuvering of the catheter.
2.5. Statistical analysis
Values are expressed as mean7standard deviation. A P value
of o0.05 was considered statistically signiﬁcant. The Shapiro–
Wilk test showed skewed data. Differences between means were
tested by the Mann–Whitney test. All statistical analyses were
performed using SPSS (IBM; version 17, Armonk, NY, USA).
3. Results
Table 1 shows patients' characteristics. There were 5 men and
15 women, with a mean (7standard deviation) age of 55721
years (range, 15–77). Eleven patients had nonsustained ventricular
tachycardia, and 9 patients had premature ventricular contraction
(PVC). No structural heart disease was detected using transthoracic
echocardiography. Forty-six QRS morphologies of RVOT arrhyth-
mia were observed in the 20 evaluated patients. The site of origin
could be identiﬁed using the non-contact mapping system in all
the patients. Five patients showed monofocal QRS morphology,
whereas the remaining 15 patients showed multiple QRS
morphologies (from 2 to 4 morphologies each, Table 1). The mean
distance between the initial site of origin and the subsequent
different sites of origin of RVOT arrhythmia was 9.977.1 mm.
Table 1
Patients' characteristics.
Patient Age Sex Arrhythmia Total number of QRS morphology Cause of QRS morphology change Outcome
Shift in origin Change in the local activation
1 71 F NSVT 4 3 1 Success
2 54 F NSVT 4 4 0 Success
3 49 F PVC 1 1 0 Success
4 17 F NSVT 3 3 0 Success
5 70 F PVC 1 1 0 Success
6 58 F PVC 1 1 0 Success
7 51 F PVC 1 1 0 Success
8 76 F NSVT 3 2 1 Success
9 15 M NSVT 2 2 0 Success
10 50 M PVC 3 2 1 Success
11 67 F NSVT 2 2 0 Success
12 16 F PVC 2 2 0 Success
13 44 F PVC 2 2 0 Success
14 63 M NSVT 3 3 0 Success
15 74 M NSVT 2 2 0 Success
16 22 F PVC 2 2 0 Success
17 77 F NSVT 3 2 1 Success
18 70 M NSVT 3 2 1 Recurrence
19 75 F NSVT 1 1 0 Success
20 72 F PVC 3 3 0 Success
Total 46 41 5
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A shift in the site of origin of the tachycardia was observed in
all the patients with multiple QRS morphologies (Table 1). In
addition, different QRS morphologies were observed in 5 of these
patients (Table 1), which were caused by the change in the local
activation after radiofrequency energy delivery. RVOT arrhythmias
in all patients were eliminated after radiofrequency energy was
applied to the site of origin of the arrhythmias using non-contact
mapping navigation. However, 1 patient presented RVOT arrhyth-
mia recurrence (success rate, 95.0%) (Table 1).
Fig. 1 shows the 2 different QRS morphologies, both observed
before radiofrequency energy was applied in patient 9. The QRS


























Fig. 1. Twelve-lead electrocardiograms demonstrating 2 types of PVCs in patient 9. Although the polarity of the electrocardiograms were similar between the 2 PVCs, their
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Fig. 2. The activation sequence of PVC 1 (panels a–d – upper panel) and the corresponding virtual unipolar electrogram morphology (phase a–d – lower panel) at Sites A and
B are shown. A focal discharge derived from the septal region (Site A) spread centrifugally during PVC 1.
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(Fig. 1). Fig. 2 shows the activation sequence of PVC 1. The earliest
ventricular activation of PVC 1 was observed at Site A; then, the
activation spread centrifugally. Fig. 2a–d shows the activation
sequence of PVC 1 (Fig. 2, upper panel) and the corresponding
virtual unipolar electrogram morphology at Sites A and B (Fig. 2,
lower panel). Since the activation was derived from Site A, virtual
unipolar morphology at Site A showed a QS morphology, whereas
that at Site B showed a rS pattern (Fig. 2). Fig. 3 shows the
activation sequence of PVC 2 and the corresponding virtual
unipolar electrogram morphology at Sites A and B (the same site
presented in Fig. 2). During PVC 2, the earliest ventricular activa-
tion was observed at Site B. Therefore, virtual unipolar morphol-
ogy at Site B showed a QS morphology, whereas that at Site A
showed a rS pattern (Fig. 3).
Fig. 4 shows 2 different PVCs observed before (PVC 1) and after
the application of radiofrequency energy (PVC 2) in patient 17.
After ablation of PVC 1, a different PVC (PVC 2) with a slightly
different QRS morphology from that of PVC 1 was observed. Fig. 5
shows the activation sequence of PVC 1 and the corresponding
virtual unipolar electrogram morphology at Site A. The earliest
ventricular activation of PVC 1 was observed at Site A; then, the
activation spread centrifugally. Thus, virtual unipolar electrogram
morphology at Site A showed a QS pattern. After application of
radiofrequency energy to Site A, mapping of PVC 2 revealed that
the earliest ventricular activation site was the same as that during
PVC 1, but the subsequent activation sequence was changed
(Fig. 6). Although the earliest ventricular activation site was the
same, subsequent activation was partially blocked at the right side
of the PVC origin, and thus, the activation spread to the superior,
inferior, and leftward directions (Fig. 6, panel a). Then, the
activation split into superior and inferior directions (Fig. 6, panel
b) and ﬁnally, propagated to the remainder of the RVOT (Fig. 6,
panels c and d). Therefore, the change in the QRS morphology was
caused by a different activation sequence that was associated with
the localized conduction block. After the origin of PVC 2 was
identiﬁed, additional radiofrequency energy was applied to the
earliest ventricular activation site (Site A) to eliminate PVC 2.
A mean of 1678 radiofrequency deliveries were applied in the
20 patients, with a clinical success of 95.0% (19 of 20 patients). The
percentage of patients with multiple origins of RVOT arrhythmia
was signiﬁcantly higher than that of patients with single origin (15
patients: 75.0% vs 5 patients: 25.0%, Po0.01). None of the
complications associated with catheter ablation were observed.
4. Discussion
4.1. Main ﬁndings
In this study, we showed that multiple QRS morphologies were
frequently observed in patients with RVOT arrhythmias at the time
of RFCA. Although most of the multiple QRS morphologies were
caused by multiple origins of RVOT arrhythmia, some of them
were caused by changes in the activation sequence of the wave-
front resulting from the previous radiofrequency energy applica-
tion. However, the appropriate target site of origin could be
identiﬁed using the non-contact mapping system, regardless of
the shift of origin or change in the activation sequence, suggesting
the usefulness of non-contact mapping.
4.2. The prevalence of RVOT arrhythmia with multiple QRS
morphologies
Other studies have occasionally observed multiple QRS
morphologies during catheter ablation. Saﬁ et al. reported that a
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Fig. 3. The activation sequence of PVC 2 (panels a–d – upper panel) and the corresponding virtual unipolar electrogram morphology (phase a–d – lower panel) at Sites A and
B are shown. A focal discharge derived from the septal region (Site B) spread centrifugally during PVC 2.
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morphologies during tachycardia [13]. Ribbing et al. reported that
2 out of 21 patients had variations in the surface QRS morphology
during RVOT arrhythmias, and a non-contact mapping system
identiﬁed 2 different sites of origin [9]. Friedman also reported
that 1 out of 10 patients with RVOT arrhythmia had 2 different
early sites, which were identiﬁed using a non-contact mapping
system [14]. In contrast, the prevalence of patients with multiple
QRS morphologies of RVOT arrhythmia observed in the present
study was higher (75.0%) than that in previous reports. In this
study, the non-contact mapping system was used for patients that
presented multiple QRS morphologies during the RFCA. The non-
contact mapping systemwas employed for the 20 present patients
out of 50 patients with RVOT arrhythmia between April 2007 and
October 2013. Therefore, the net clinical prevalence of multiple
QRS morphologies among these 50 patients was 30.0% (15 out of
50 cases). This prevalence is still higher than that in previous
reports (9, 14). Therefore, the prevalence of multiple QRS morphol-
ogies in RVOT arrhythmia may be more frequent than we
expected.
4.3. The mechanism underlying RVOT arrhythmia showing multiple
QRS morphologies
Earlier studies have suggested that multiple origin sites of an
RVOT arrhythmia generate multiple QRS morphologies [9,12,14]. In
these studies, multiple QRS morphologies were observed only
before RFCA. Moreover, Tada et al. reported that the shift in the
origin of tachycardia in RVOT arrhythmia was observed in 6 out of
202 patients [15]. They postulated that the tachycardia origin
appeared after the initial RFCA might be caused by a shift in the
exit point, or activation of alternative pathways following the
elimination of a dominant initial tachycardia origin [15]. Derejko
et al. also reported that recurrent RVOT PVCs show a marked shift
in its exit points [16]. These ﬁndings are consistent with the results
of the present study. However, we have shown that changes in the
QRS morphology can also been caused by changes in the activation
sequence of the wavefront caused by the previous radiofrequency
energy application, without shift in the tachycardia origin site.
Therefore, this mechanism should also be noted during RFCA of
RVOT arrhythmias.
4.4. The usefulness of the non-contact mapping system for RVOT
arrhythmias with multiple QRS morphologies
A non-contact mapping system was useful for the treatment of
RVOT arrhythmias [10,11,17]. Ribbing et al. reported that RFCA of
RVOT arrhythmias using a non-contact mapping system resulted in
a higher success rate than using a conventional mapping system
[9]. Friedman et al. reported that non-contact mapping was useful
in patients in whom RFCA using conventional mapping failed to
terminate RVOT arrhythmias [14]. Vestal et al. reported that
patients with ventricular tachycardia or PVC that presented multi-
ple QRS morphologies and had undergone RFCA using a conven-
tional mapping method often had unsuccessful ablations [18].

























PVC 1 (Pre RF) PVC 2 (Post RF) 
Fig. 4. Twelve-lead electrocardiograms demonstrating 2 types of PVC in patient 17 (PVC 1 observed before ablation and PVC 2 observed after ablation). Although the polarity
of the electrocardiograms was similar between 2 PVCs, the morphologies in leads V1 to V4 were slightly different.
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Fig. 5. The activation sequence of PVC 1 (panels a–d – upper panel) and the corresponding virtual unipolar electrogram morphology (phase a–d – lower panel) at Site A
during PVC 1 observed before ablation in patient 17. A focal discharge derived from the lower posterior region (Site A) spread centrifugally, and thus, the unipolar
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Fig. 6. The activation sequence of PVC 2 (panels a–d – upper panel) and the corresponding virtual unipolar electrogram morphology (phase a–d – lower panel) at Site A in
patient 17 are shown. The brown dot shows the lesion that was created by the radiofrequency energy application. A focal discharge (the same origin as during PVC 1) derived
from the lower posterior region (Site A). The wavefront was blocked at the posterior region, which was created by the radiofrequency energy application. Although the
earliest ventricular activation site was the same, subsequent activation was partially blocked at the right side of PVC origin, and thus, the activation spread to the superior,
inferior, and leftward directions (panel a). Then, the activation split to superior and inferior directions (panel b) and ﬁnally, propagated to the remainder of the RVOT (panels
c and d).
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that the use of a non-contact mapping system is recommended for
RFCA of RVOT arrhythmias.
4.5. Consideration of RVOT arrhythmia recurrence
In patient 18, radiofrequency energy application at the earliest
ventricular activation site using the non-contact mapping system
interrupted the RVOT arrhythmia; however, it recurred several
hours after the procedure. Similar ﬁndings have also been reported
previously [14]. This previous study reported that a delta wave-
like QRS onset (suggesting epicardial origin) and a short endocar-
dial activation to QRS onset were factors associated with failed
ablation; both factors suggested a long distance between the
ablation catheter and target [14]. In the present study, patient 18
also presented a delta wave-like QRS onset. Therefore, recurrence
of RVOT arrhythmia in this patient might derive from its epicardial
origin site.
5. Conclusions
Multiple QRS morphologies of RVOT arrhythmia were more
frequently observed than we expected. In addition, the mechanism
that caused multiple QRS morphologies comprised multifocal
origin and changes in the local activation that was caused by the
previous application of radiofrequency lesions. The non-contact
mapping system was useful to identify the mechanisms under-
lying multiple QRS morphologies, resulting in the accurate and
appropriate radiofrequency energy application during RFCA of
RVOT arrhythmias.
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